Selenium (Se) is an essential trace element and found to have important roles in maintaining normal growth and reproduction. The effect of Se on testicular steroidogenesis and testicular expression of vascular endothelial growth factor (VEGF) and nerve growth factor-beta (NGF-β) was studied in streptozotocin (STZ)-induced diabetic rats. The study included 45 male albino rats randomly divided into 3 groups; control (group I, n=15), diabetic (group II, n=15) and diabetic supplemented with Se (group III, n=15). The investigation revealed that, diabetic group (group II) had a significant decrease in Se level and testicular steroidogenesis evidenced by the decrease in testosterone and in the activity of two important enzymes synthesizing testosterone 3-betahydroxysteroid dehydrogenase (3β-HSDH) and 17-beta-hydroxysteroid dehydrogenase (17β-HSDH) compared to control group (P < 0.05). In addition, there was a significant decrease in testicular tissue levels of VEGF and NGF-β in diabetic rats compared to control rats (P < 0.05).
Introduction
Diabetes mellitus (DM) causes long-term damage, dysfunction, and failure of different organs.
Disturbance in the male reproductive system is one of DM complications [1] . Testicular dysfunction, impotence, decreased fertility potential and retrograde ejaculations are conditions that have been described in diabetic males [2] . Clinical and experimental studies suggest that sperm parameters are altered in patients or animals with DM. The possible mechanisms involved in the onset of these alterations are hormonal changes, presence of neuropathy, and increased oxidative stress aspects present in patients with DM [3] .
Male fertility depends on proper testicular function. Testosterone production relies on the endocrine action of hormones released from the brain and testosterone acts locally in the testis to stimulate spermatogenesis. In addition, autocrineparacrine signaling of growth factors in the testis is essential for proper testis function [4] . Selenium (Se) is an essential trace element present in a multitude of compounds named as selenoproteins. It is incorporated into proteins as selenocysteine. In the human genome, 25 genes for selenoproteins have been identified [5] . Glutathione peroxidases are selenoproteins protect against oxidative damage to spermatozoa throughout the process of sperm maturation. Mitochondrial glutathione peroxidase 4 (mGPx4), which is located to the midpiece compartment and constitutes up to 50% of the sperm midpiece protein content and the nucleus-associated glutathione peroxidase 4 (snGPx4), serve as structural components of mature spermatozoa, ensuring viability of spermatozoa as well as providing protection against reactive oxygen species [6] . The testicular protective effect of Se appears to be mediated through its anti-apoptotic and antioxidative effects [7] . Supplementation of diabetic rats with Se was found to reduce insulin resistance and the activity of liver cytosolic protein tyrosine phosphatases, which are negative regulators of insulin signaling by about 50% [8] . In addition, concentrations of selenium in tissues of diabetic rats were found lower than in non-diabetic control rats [9] .
Taking the above facts into consideration, the current Investigation was undertaken to evaluate the effect of Se on the diabetes-induced testicular changes in rats and the possible mechanism of its action. and given orally by gastric tube at a dose of 10 μg sodium selenite/100 g body weight [11] for 21 consecutive days. The last dose saline or Se was administered 12 h before the animals were anesthetized with ether for 5 min. and killed via cardiac puncture.
Materials and methods

Preparation of Tissue Homogenate
Rat testes were dissected out, weighed, and the tissue homogenate 10% (w/v) was prepared from left testis of each rat in cold 0.1 mol/L phosphate buffer, pH 7.4 using a glass Teflon homogenizer.
The homogenate was centrifuged at 14000xg in microcentrifuge for 15 minutes and the supernatants were collected and used for testosterone, enzymes activity and growth factors assay. minutes using (UV)-VIS spectrophotometer [12] .
Biochemical methods
Assay of testosterone:
Tissue protein concentration was assayed by lowery method [13] . The specific activities of the enzymes were expressed as nmol of NAD by Oteiza et al [14] . Se was assayed in samples using PERKIN-ELMER Flame atomic absorption spectrometer according to the manufacturer's instructions, and expressed as µg/mg tissue.
Histopathology
The right testis of each rat was dissected and cut in two halves across its longitudinal axis. Two (one gram) specimens were taken from the middle area of the parenchyma of each testis, fixed in Bouin's, processed for paraffin blocks and stained with heamatoxylin-eosin (Hx & E) stain then histologically examined.
Statistical analysis
Data were expressed as mean ± SD and analyzed using one way ANOVA test and Tukey's posttest. figure 1 b-f ).
Histological examination of testicular tissue
The and the pentose phosphate pathway [9, 15] . 3β-HSDH and 17β-HSDH play essential roles in steroidogenesis. These enzymes catalyze the final step in the biosynthesis of active gonadal steroid hormones, estradiol, and testosterone [16] . STZinduced diabetes was reported to be associated with a decrease in Leydig cell function and testosterone production due to the absence of the stimulatory effect of insulin on these cells and a decrease in FSH and LH levels. The decrease in FSH was also accompanied by a decrease in seminiferous tubules FSH receptors and a significantly diminished response of tubular epithelium to FSH stimulation [17] . A decrease in testicular tissue levels of VEGF, NGF-β in diabetic rats was previously reported [18] . VEGF is an angiogenic factor and has a role in endothelial and neuronal cell survival. VEGF is important for spermatogenesis and its receptors were found located on interstitial cells and seminiferous tubules [19] . VEGF supports proliferation of germ cells and inhibits its apoptosis [20] . In addition, VEGF facilitates the transport of endocrine hormones, nutrition and oxygen, regulates microcirculation and modulates endothelial permeability in testis [21, 22] . NGF-β is found in the nervous system and in testicular tissue and involved in sperm development [23] . High levels of NGF-β aid in sperm maturation as found in epididymal head and body and the decrease in NGF-β level may result from germ cell atrophy [24] .
In addition, Sertoli cells, spermatocytes, and early spermatids are known to synthesize NGF-β [25] , which is involved in sperm motility and acrosome reaction [26] . NFκB-mediated transcription of pro-inflammatory mediators [27] . Deficiency in dietary selenium decreases the reproductive potential of male mice and is associated with oxidative damage in spermatozoa [28] . Sodium selenite and zinc sulfate supplementation significantly protected against exercise-induced testicular gamatogenic and spermatogenic disorders, prevented testicular oxidative stress, and increased antioxidant status [29] . The consumption of Se-deficient diets in farm animals was associated with decreased fertility and growth retardation [30] . Male gonads tend to accumulate Se as pubertal maturation begins and oligospermia, increase in abnormal spermatozoa, and a decline in the ratio of motile to immotile spermatozoa were reported in Se-deficient rats [31] . with the highest Se retention [30] .
In conclusion, this study demonstrated that Se increased testicular steroidogenesis through increasing the activity of 3 β-HSDH and 17 β-HSDH. In addition, it improved the histological picture the testis and increased the expression of VEGF and NGF-β in STZ-induced diabetic rats.
